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Formation of dc potential structure due to current-
driven electrostatic ion-cyclotron instabilities has been 
investigated by means of an open boundary two-and-
a-half dimensional electrostatic particle in cell (PIC) 
simulation model. 
Formation of electrostatic potential structures in 
magnetized plasmas is as yet a challenging prob-
lem for generating accelerated charged particles in a 
space plasma and controlling particle confinement in 
a fusion-oriented plasma device. In particular, many 
space observations support the theory that auroral 
electrons are accelerated by an electric field above 
the ionosphere. A current-driven electrostatic ion-
cyclotron instability has been paid much attention as 
a candidate for formation mechanism. In fact, it is re-
ported that a V-shaped potential structure and an elec-
trostatic ion-cyclotron wave are simultaneously present 
above the auroral ionosphere. Although many com-
puter simulations concerned with an ion-cyclotron in-
stability have been performed. they did not succeed in 
demonstrating the creation of a dc potential difference 
along the magnetic filed by the instability. 
In our previous work,l) we have succeeded in demon-
strating that a V-shaped dc potential structure is cre-
ated by a current-driven electrostatic ion-cyclotron in-
stability in the case of bell-shaped electron stream. 
Recently, we have shown that the time evolutions of 
dc potential structure accompanied by current-driven 
electrostatic ion-cyclotron instability for the cases with 
a spatially uniform electron stream and a bell-shaped 
electron stream.2) 
We have employed a two-and-a-half dimensional 
particle in cell (PIC) simulation model with a self-
consistent open boundaries. A self-consistent open 
boundary condition is applied to the x direction, while 
a periodic boundary condition is applied to the y di-
rection. An external uniform magnetic field is point-
ing into the x direction. The system is assumed to 
be divided in segments in the y direction where each 
segment is assumed to be connected to an external 
constant generator, and thus the particle influx at the 
x = 0 and x = Lx boundaries is controlled in such 
a way that the net flux is kept constant in each time 
step in each segment. This procedure is applied for 
electrons, while the reflection boundary condition is 
applied for ions. 
We show the time evolution of the dc potential pro-
file for the case with the bell-shaped electron stream. 
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Figure 1 shows the time evolution of the dc poten-
tial profile which is averaged over the period of the 
ion-cyclotron oscillation. A V-shaped potential struc-
ture which is vaguely seen in the upstream region at 
wpet = 500 grows with time, and then clearly formed 
at wpet = 2000. The potential difference along the 
magnetic field is eil<l>/Te ~ 0.04. Potential well is 
also observed across the magnetic field. Its depth is 
e<l>/Te ~ 0.02 at x ~ 100ADe. In this case, the wave 
amplitude is larger in the fast electron stream region 
(y ~ L y /2) than in the slow electron stream region 
(y ~ 0, Ly), and thus the potential difference along 
the magnetic field is larger in the fast electron stream 
region than in the slow electron stream region. The 
ion-cyclotron instability causes the ion perpendicular 
heating as well as the ion transport across the magnetic 
field. Since the instability is stronger in the fast elec-
tron stream region than in the slower electron stream 
region, the fast electron stream region becomes elec-
tron rich. As a result, the potential well across the 
magnetic field may be created. 
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Fig. 1. Time evolution of dc potential profile for the 
case with a bell-shaped electron stream. 
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